The genus Paenibacillus was first proposed by Ash et al. (1993) and belongs to the family Paenibacillaceae. Generally, members of the genus Paenibacillus are aerobic or facultatively anaerobic, Gram-reaction-positive or variable, rod-shaped, endospore-forming bacteria. To date, species of the genus Paenibacillus have been reported from various environments (Akaracharanya et al., 2009; Jiang et al., 2015) . At the time of writing, there are 180 species and four subspecies with validly published names in the genus Paenibacillus (http://www.bacterio.net/p/paenibacillus.html). In the present study, we investigated the taxonomic status of a novel bacterial strain, L14 T , isolated from the traditional solid-state acetic acid fermentation culture (locally called vinegar pei) of Chinese cereal vinegars.
During the screening of acid-producing bacteria, strain L14
T was isolated from vinegar pei mixture collected at Qishan Tianyuan Vinegar Industry Co., Ltd (Shanxi, China) . For the isolation, vinegar pei samples were diluted serially with 0.85 % NaCl (w/v) solution, aliquots (100 µl) of each serial dilution were spread on GYEC agar (l
À1
: glucose 30 g, yeast extract 10 g, ethanol 50 ml, calcium carbonate 15 g, agar 15 g) (Wu et al., 2012) at 37 C for 72 h. Single colonies with transparent circles around (Fig. S1 , available in the online Supplementary Material) were routinely picked and inoculated in 20 ml GYE medium (l
: glucose 30 g, yeast extract 10 g, ethanol 50 ml) (Wu et al., 2012) . Among the bacteria, strain L14
T was isolated and subsequently preserved at À80 C in GYE broth supplemented with 25 % (v/v) glycerol.
The genomic DNA of strain L14
T was extracted and purified using a Bacterial Genomic DNA Extracting kit (PuBoXin). The 16S rRNA was amplified by PCR using the universal primers 27F (5¢-AGAGTTTGATCCTGGCTCAG-3¢) and 1492R (5¢-GGCTACCTTGTTACGACTT-3¢) (Lane, 1991) . The PCR product was purified with a Gel Extraction kit (Omega) and ligated into pMD18-T vector (TaKaRa), and then sequenced by Invitrogen (Shanghai, China). The resultant 16S rRNA gene sequence was compared with those in the GenBank database by using BLAST analysis (http://www.ncbi.nlm.nih.gov/BLAST/), and gene sequences were aligned with those of related species by using the CLUSTAL W program (Thompson et al., 1994) . Phylogenetic trees were reconstructed using the neighbour-joining and maximum-likelihood methods in MEGA 6.0 software (Tamura et al., 2013) . The topology of the trees was evaluated by bootstrap analysis with 1000 replications. (Figs 1 and S2 ). In addition, considering 97.0 % sequence similarity of the 16S rRNA gene as a cut-off for species delineation (Stackebrandt et al., 1994) , P. motobuensis MC10 T was considered to represent a species closely related to strain L14
T and was therefore used as a reference for further taxonomic investigation. All subsequent conventional tests were performed in parallel on the new isolate and on this reference strain.
The primer PAEN515F (5¢-GCTCGGAGAGTGACGGTACC TGAGA-3¢) specific for the genus Paenibacillus and the universal primer 1377R (5¢-GGCATGCTGATCCGCGATTAC TAGC-3¢) were applied to strain L14
T for Paenibacillusspecific PCR according to previously published methods (Shida et al., 1997) . A 900 bp fragment was amplified from strain L14
T when primers PAEN515F and 1377R were used in this study (data not shown). This result further suggested that strain L14
T was a member of the genus Paenibacillus.
Strain L14
T was tested for a range of phenotypic, physiological and biochemical characteristics together with the closely related type strain P. motobuensis MC10 T . Aspects of colony morphology were examined on trypticase soy agar (TSA; Difco). Colonies were convex, cream-white with slightly undulate margins on TSA after 72 h of incubation at 37 C, and reached approximately 0.5-1 mm in diameter. Cell morphology was observed by using light microscopy (BX50; Olympus) after 48 h of growth at 37 C. Gram staining was performed by using a Gram-stain reagent kit (HuanKai). Endospore formation was investigated by the spore-staining method using malachite green (Smibert & Krieg, 1994) and was further confirmed with the heatresistance method (Li et al., 2014; Tiago et al., 2006) . Cell motility was determined directly by light microscopy and observation of the growth spread of cells in test tubes containing semisolid TSA after 24 h of incubation at 37 C. Cells of strain L14
T were Gram-stain-negative, motile, endospore-forming rods. Cells were inoculated by mixing them with semisolid TSA in test tubes to determine aerotactic ability. Cells grew throughout the medium in test tubes, suggesting that strain L14
T was facultatively anaerobic.
Most physiological and biochemical tests, including activities of catalase and oxidase, nitrate reduction, VogesProskauer reaction, production of indole, temperature and pH optima for growth, and growth inhibition by NaCl, were performed according to previously published protocols (Gordon et al., 1989; Rhodes-Roberts, 1981; Smibert & Krieg, 1994) . Other physiological and biochemical properties were tested with Biolog GenIII MicroPlates (by the identification service of Beijing Biogenro Biotechnology), and API 50CH, API 20E and API ZYM strips (bioMerieux) according to the manufacturers' instructions, using cells grown on TSA for 48 h at 37 C. Differential physiological and biochemical characteristics of strain L14
T and those of the type strains of closely related species of the genus Paenibacillus are shown in Table 1 . Strain L14
T possessed physiological properties that allow its distinction from these recognized species of the genus Paenibacillus.
Biomass for chemotaxonomic characterization was obtained from cultures grown for 36 h on TSB at 37 C. To determine the cellular fatty acid composition, fatty acid methyl esters were prepared and analysed according to the instructions of the Microbial Identification System (Sherlock Version 6.0; MIDI) by gas chromatography (56890N; Agilent Technologies) (Komagata et al., 1987) . Profiles of the major fatty acids of strain L14
T and the type strains of closely related species of the genus Paenibacillus are shown in Table 2 . anteiso-C 15 : 0 , the major fatty acid in recognized species of the genus Paenibacillus, was also the major fatty acid component of strain L14 T (32.5 %). The cellular isoprenoid quinones and polar lipids were determined as described by Collins (1985) , Komagata et al. (1987) and Xie et al. (2003) . The major respiratory lipoquinone of strain L14 T was menaquinone-7 (MK-7), which was identical to those of the species of the genus Paenibacillus. The major polar lipids present in strain L14 T were diphosphatidylglycerol, phosphatidylethanolamine and phosphatidylglycerol (Fig. S3) . The DNA G+C content of strain L14
T was determined by HPLC according to the method previously described by Tamaoka et al. (1984) . The G+C content of the DNA of strain L14
T was 49.9 mol%, a value within the range reported for recognized members of the genus Paenibacillus (Table 1 ). In summary, strain L14
T possessed phenotypic characteristics typical of the genus Paenibacillus.
In the three repeats of DNA-DNA hybridization experiments performed according to previously published methods (Yoon et al., 1996) , strain L14 T showed 51.2 % DNA-DNA relatedness to P. motobuensis MC10 T . In addition, the rpoB gene of strain L14
T , which encodes the b subunit of RNA polymerase, was amplified using the universal primers rpoB1698F (5¢-AACATCGGTTTGATCAAC-3¢) and rpoB2041R (5¢-CGTTGCATGTTGGTACCCAT-3¢) (Dahllöf et al., 2000) , and the sequencing results showed 82.0 % similarity with that of P. motobuensis MC10 T (data not shown). Phylogenetic analyses based on the partial rpoB gene segments also indicated that strain L14
T was affiliated with species of the genus Paenibacillus (Figs 2 and S4) . Considering that 97.7 % sequence similarity of the rpoB gene as a cut-off for species delineation is correlated with <70 % DNA-DNA relatedness (Ad ekambi et al., 2008; Stackebrandt et al., 2002) , strain L14 T and P. motobuensis MC10 T do not belong to the same species.
Therefore, on the basis of phenotypic, physiological and chemotaxonomic properties, 16S rRNA gene sequences, DNA G+C content and levels of DNA-DNA hybridization, Paenibacillus aceti L14 T (KU050694) Fig. 2 . Neighbour-joining phylogenetic tree based on the partial rpoB gene sequences of strain L14 T and representative type strains from GenBank. The significance of each branch is indicated by a bootstrap value calculated for 1000 replicates. Numbers at branching points are bootstrap values >50 %. GenBank accession numbers are given in parentheses. Bacillus amyloliquefaciens DSM 7
T was used as an outgroup. Bar, 0.1 substitutions per nucleotide position.
strain L14
T was distinct from related species within the genus Paenibacillus. Consequently, we consider that strain L14
T represents a novel species of the genus Paenibacillus, for which the name Paenibacillus aceti sp. nov. is proposed.
Description of Paenibacillus aceti sp. nov.
Paenibacillus aceti (a.ce¢ti. L. gen. n. aceti of vinegar, referring to the acetic acid fermentation culture of Chinese cereal vinegars, the source from which the type strain was isolated).
Cells are Gram-stain-negative, facultatively anaerobic, motile, straight rods (0.2-0.3Â1.0-8.5 µm). Spores form at 80 C as cells exhibit heat resistance at this temperature for 10 min. Colonies are convex, cream-white with slightly undulate margins on TSA after 3 days of incubation at 37 C; usually they are 0.5-1 mm in diameter. Growth occurs at 15-50 C but not at 10 or 55 C; optimum temperature for growth is 37 C. Growth occurs at initial pH 4-10 with optimum pH of 8. Growth occurs in the presence of 0-8 % NaCl (optimal growth with 0.5 % NaCl); but is unable to tolerate 10 % NaCl. Positive for ONPG hydrolysis, lysine decarboxylase, citrate utilization, Voges-Proskauer reaction and methyl red reaction. Negative for catalase, oxidase, urease, H 2 S production and indole production. Nitrate is not reduced to nitrite. The type strain is L14 T (=CGMCC 1.15420 T =JCM 31170 T ), isolated from the traditional acetic acid fermentation culture of cereal vinegars in Shanxi, China. The DNA G+C content of the type strain is 49.9 mol%.
